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Some Ground Water Basics:

• Ground water and surface water are 

interconnected  (57 – 91% of annual streamflow is from ground 

water in St. Croix County)



Unsaturated flowGround-water rechargeGround-water dischargeGround-water flow

All water on earth is part of the water cycle

Surface processes



Some Ground Water Basics:

• Ground water and surface water are 

interconnected  (57 – 91% of annual streamflow is from ground 

water in St. Croix County)

• Travel (transport) times vary, depending on the 

flow path and type of rock



Water moves, but often at a different 

timeframe than we are used to

In a stream, often can 

see water moving
lake

In a lake, often cannot see 

water moving except at 

inflowing and outflowing 

streams

But, water added to lakes replaces water leaving 

lakes.Total replacement takes on the order of tens of 

years.
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Water moves, but often at a different 

timeframe than we are used to

Water traveling in the groundwater system can 

be of similar time scales

lake

Winter and others (1998)



Water moves, but often at a different 

timeframe than we are used to

but not all groundwater!
lake

Millennia

Centuries

Winter and others (1998)
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Some Ground Water Basics:

• Ground water and surface water are 

interconnected  (57 – 91% of annual streamflow is from ground 

water in St. Croix County)

• Travel (transport) times vary, depending on the 

flow path and type of rock

• Plumber's rule: ground water flows down-gradient 

(from high to low hydrostatic pressure)



Ground water flows down-gradient

Winter and others (1998)



Some Ground Water Basics:

• Ground water and surface water are 
interconnected  (57 – 91% of annual streamflow is from ground 
water in St. Croix County)

• Travel (transport) times vary, depending on the 
flow path and type of rock

• Plumber's rule: ground water flows down-gradient 
(responds to hydrostatic pressure)

• Capture – withdrawal in one location reduces 
quantity available for nearby resources (water has 
to come from somewhere) 



Pumping

Natural conditions

Less water 

into stream 

after pumping



Hydrogeologic concepts for    

St Croix

and

Kewanee Counties



Wisconsin 

Bedrock

Eastern Silurian Dolomite
• Shallow soils (<5ft common)

• Vertical and horizontal fractures

Prairie du Chien Dolomite
• Thicker soils (>15ft common)

• Dissolution enlarged fractures



Kewanee County –

Silurian Dolomite



Kewanee County –

Silurian Dolomite



St. Croix County –

Prairie du Chien
WABASHA COUNTY, MN

Credit: Tony Runkel, MGS



St. Croix County –

Prairie du Chien

Sink hole Glacial topography?

Credit: 

UW-River Falls



Simulation of Regional Ground-

Water Flow in Pierce, Polk and 

St. Croix Counties, Wisconsin

Pierce County

St. Croix 
County

Polk

County

With assistance from:

https://pubs.er.usgs.gov/

publication/sir20095056



The Tri-county Project:

Objectives

• Improve understanding of ground-water flow in 

Pierce, Polk and St. Croix counties

• Simulate regional surface-water/ground-water 

interactions, and ground-water-flow patterns  

using computer models

• Provide a quantitative framework for testing 

possible future change

• Demonstrate the utility of targeted (inset) ground-

water flow modeling in each county



How Models Work:

• Golden Rule: “water can not be created or destroyed”

• Plumber’s Rule: “water flows down-gradient”

• Numerical equations representing real 

world entered into the computer (geologic 

properties, surface-water bodies, pumping)

• Calibrate  (data requirements can be large  -

“results are only as good as the data”)



Two kinds of aquifers

crystalline

sandstone

limestone

BEDROCK

vertical faults

Karst aquifer

Porous media
(sand and gravel at the surface,

sandstone below limestone)
Cross Section – next slide



Conceptual Model
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Model 

Development
• Construction

– 4 continuous layers

– Layer 1 (upper bedrock aquifer) lumps 
many aquifers and confining units.

– Sand and gravel (orange & red) aquifers 
are simulated where bedrock is absent 
(“windows” along major rivers)

– Inactive where the aquifer is absent and 
replaced by crystalline rock (“trap rock”)

– Faults: uplift, permeability change, 
barrier where crystalline rock is adjacent 
to sandstone in layer 4

• Sources and sinks

– Recharge (uniform)

– Rivers

– Pumping wells (average from 1994 –
2004)



Tri-county Regional Model
Sources and sinks of water

(recharge, rivers & wells)

Compare to measurements 

(monitoring wells)

Simulate water levels 

and flow (layer 1)



Water moving 

through:

Layer 1

Layer 2

Layer 4

Layer 3

Flow Directions



Ground Water Budget

Ground water 

In

Ground water 

Out

Recharge 82% 0%

Rivers 15% 85%

Wells 0% 1%

County 

boundaries

4% 14%



What else could be learned?

Can existing tools help with 

karst aquifer problems?



Differences between porous 

media and karst

• Porous media (sandstone, sand & gravel):

– Laminar (smooth) flow through whole aquifer thickness

– Traditional equations describe flow and transport velocity

– Understanding is often transferable from one site to the 
next for each aquifer

• Fractured rock and karst (limestone, dolomite):

– Flow through discrete fractures and conduits dominates

– Turbulent flow and transport velocities can require 
unique investigation and higher uncertainties

– Geometries and connections among discrete conduits 
can differ among individual sites



When can karst be approximated 

with a groundwater model?

What is the scale? 

Is it a water availability question, or transport question?

Answer will depend on the pumping rate & distance

Example:

• “How much will pumping deplete baseflow in this 

stream?”

– Water availability question (capture)
– Large pumping rate = regional effect 
(porous media assumptions become better with increasing scales)



When can karst be approximated 

with a groundwater model?

Answer will depend on the flow directions and 

pumping rate

Example:

• “Where does water for this well (or stream or 

lake) come from ?”

– Transport question

– Area contributing recharge

What is the scale? 

Is it a water availability question, or transport question?



When can karst be approximated 

with a groundwater model?

Answer will depend on the flow direction and 

velocity (degree of karst)…and the contaminant

Example:

• “Where will this contaminant go, and when will it 

arrive at a specific location?”

– Transport question

– Highly site specific

What is the scale? 

Is it a water availability question, or transport question?



When can karst be approximated 

with a groundwater model?

The quality of each answer is dependent upon:

• Scale 

• Available data & tools

• Required level of precision (safety factor)

• …& type and precision of the question

What is the scale? 

Is it a water availability question, or transport question?



Uses for the Tri-county 

model going forward…

https://pubs.er.usgs

.gov/publication/sir

20095056



http://wri.wisc.edu/Downloads/Projects/Final_WR04R006.pdf

Another Useful Reference:



Questions?


